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5 Cle:rrns

treatment of materials and particularly to the

- puri

. of @ solvent which is: normally: gaseous, or has: a

'_'hlgh vapor tension. at ordinary. temperatures
- .My invention is adapted for use, in general, .

'fer treating or purifying materials, but is par-
S tleulerly adapted for the puri: '1ee,t10n of crude.
- -anthracene. .
SRR (¢ &

Crude: anthracene; sueh as thet de-

rived by ﬁltermg the crystals from the anthra-

. cene oil obtained in the distillation of coal tar,
- - usually contains only about 25 to 40 per:cent of

b

. anthracene, the remainder being impurities, such
. as phenenthrene carbazol and the like,
impurities can be extracted from crude anthra-
' eene by the action of a: solvent which selectively
~+ dissolves-the impurities in the crude anthracene
- butwhich: has reletlvely llttle solvent aetmn upen._

fenthreeene itself..

B 50

. vide:a new and; improved method of purifying ma-
- terials, such-as anthracene, whereby a. substan-
R 1 I

. obteined; to-recover :and: conserve:solvent used
" in the process; to separate and recover impurities
- ‘removed from: anthracene: or-the like by the:sol-
vent;: and :to: provide simple and: 1mpreved ap-
:ﬁearaztue f.er cerrymg out the proeese;

It has been pr epeeed heretefere te pumfy e,n— |
_threcene by the action.of liquid: anhydrous am-
“monla.  However, in carrying out the process it
“has not. been: possible  to remove ‘the -ammonia
- completely. from: the extracted material and from
. the: epperetus in: which the- process: is- ‘practiced:
'Phis has resulted in substantial loss of ammonia
and consequent increase: in cost of the: ‘purifica~
~tion, and has had the further disadvantage that
“om-removalk of the extracted anthracene from the
- gpparatus; ‘large amounts. of ammonia gas are
- evdlved, making the operation diff
_out.. Residual ammome, will be evolved: from the
extreeterl enthraeene mekmg 1ts handhng end
. eterege d1mcu1t o
- T have mscevered that subste,ntlelly pure dry |
?',anthraeene of high:commercial value can: be ob-
tained without the loss of ammonia. and without
 the attendant nuisance of strong ammonia; fumes
by extracting crude anthracene with lquid am-
. ‘momnia in 2 closed system and thereafter treating
: . the purified anthracene to remove ammonia ad-
. hering thereto: prior:to. exposing: the purified: an-.
- thracene to the atmosphere.
 anthracene, free from ammonia, is thus obtained
o ereel ammonia removed: from: the e;nthraeene 18
A __reeevered for re-use inrthe:proeess. |

‘Among the objects of my mventmri are to p.te—

tially pure, dry:commezci e.lly ve,lue,ble produet is

These and -

ication of ‘materials by the selective ectlen |

cult to: carry

Subetentelly pure

(Cl* 260——163)

My mventmn rela,tee to the purlﬂea,tlen er- _. other eb;leets end fea,tures ef my mventlen wﬂl

| e,ppeer from the follewmg deserlptlen thEIEOf in

which reference is made to the eceempa,nymg ﬁg-

‘ures.of the drawmg, in which— = = |
‘Pig. 1.illustrates a, preferred type ef epperatus_

for prectlemg my process, and -

.tre,ted in Fig. 1. |
“This. invention- is ﬂ‘-‘}t 01113’ epphceble te the

-.pumﬁeetmn of - enthrec.ene by extraction with
liguid ammonia, but. to: purlﬁeetlen of. enthraeene_-. o
“and other orzanic solids; for exemple ﬂuerene by
“These extraction with other extreetlng media, such for ..

‘example as sulphur dioxide, agua a,mmeme een-
taining gt least 75 per cent. ammonia in eelutlon
- methyl

- C2H;QC2Hs5), acetone (CI-IzCOCHs) and the like,

and ethyl ethels (CH300Hs

E'lgs 2 and 3 illustrate dlegre,mmatwelly modl-' 'ﬁ'ﬁ
'iﬁeetlens of. & pertlen ef the epperetus 111us-

'1;5';. :

and

For example; crude. anthra,cene may be purlﬁed in

accordanee with: this invention by extraction with
acetone instead.of with ammonis as. deserlbed be-~
low, -higher temperetures or lewer preeeures or
*_beth being employed as required. br the hlgher
boiling: point.acetone. Acetone ha,s a boiling point
of 56.5° C. and a melting pemt of —94.6° C..
| Its Vapor: pr essure at 207.C. is: 180.mm. of merculy,
~at 40° C., 440 mm. of mercury; at’ 56 5m C., 760
~mm. af mercury;.at 60° C., 860 mm. of mercury;

and at 80° €., 1611 mm. of mereury Usmg a,eetene
as the extreetmg medium, it is preferred te main-

thracene, is introduced into. en extra,eter adapted

to-be placed . under suffieient. pressure. fo. retain
"-_the ammonia in 11qu1d ferm at nermel atmos-
pheric temperature or at. the temperature ab

- which the: process is. eerrled out.- -The. extractor
is ' then sealed and is plefera,bly EV&CU&LEd to re- -
“move air therefroni. quu.ld emmeme from a
reservoir is. then mtreduced into . the extractor
~iniecontact: mth the anthrecen_e
“action of liqguid ammonia on the impilirities in
- anthracene.is considerably greater when operat- - -
ing. at temperetures in' the neighborhood of at- .

The solvent

20
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tain in the extractor a pressure of about atmos-
~pheric:or. semewha,t ebove e,tmospherle fer exX-
: ample 15 pounds. L ;
. In accordance mth my mventlen erude ‘an-
_._thra,eene eentemmg say 25 to 40 per cent of an-

35
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mospheric temperature or higher and under su- -

peratmospheric . pressure- than when epere,tme‘

_under atmospheric. or lower pressures and at
For this reason the ex-~
tractor is preferably memtemed during ‘opera-
tion. under: suitable. pressure to insure the main-
| tenance of the ammonia.in the extreeter in llqmd

very. lew temperetures

ferm at . the des1red temperature of extraetmn

50
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o -;atmospherlc temperetures this pressure will or-
. dinarily be about 100 pounds per square inch or-
- somewhet h_gher e. g, 125 pounds per squere

10

- immersed therein.-

.+ the‘impurities in-liquid' ammonia is withdrawn
. from the anthracene. ._
.- tained is-passed’ to a receptade wherein the am- -

e g . 25" to 50‘-“ When opera,tmg under normel

moh

L The llquld emmome mey be mtroduoed e1ther
o ontmuously or intermittently into the extractor .
O qn contact w1th the crude anthracene-allowing -
| ~ the ammonia 1o collect. therein: until the liguid
B COIlSlSt largely of phenenthrene ‘carbazol, and
These im-
“purities are characterized by d1fferent solubili-
~ties in llquld ammonia- and this property of the -
eoumg .
15

has reeched a predetermmed level

. erating mtermlttently the -ammonia collects in .
| . the extractor until the anthracene is oompletely
o Thereafter the liquid am- .
- monig oontemmg lmpurltles Is then dlsohelgﬁi?
from ‘the" ‘extractor by means .of a .siphon. or_-"',;_'
 otherwise. Complete immersion of the anthacene.
SR ','11'1 the liguid ammonia insures thorough contact
~ of all particles of anthracene with -the liquid .
_ammonia ‘and suhstentlelly complete extraction
Chennehng.
"hydrocarbons than the llqmd amnonia slthse-
- quently ‘passed in contact with :the. anthracene.
When operetmg in:either a contmuoa_s or inter-
| mittent. oyole I prefer to seperete that portlon
- of the liquid ammonia -
‘anthracene and thereafter to collect separately

of soluble unpurltles therefrom.

of - 11qu1d emmome from the enthreoene ‘addi-

o -tlonel liguid ; emmome may be fed tothe enthre-___._--

-cene which” is" again oompletely 1mmersed ‘and
- the emrnoma, oontemmg 1mpur1t1es withdrawn
- upon complete 1mmerelon of ' the ‘anthracene.
These cycles are repeeted several' times until -~

'the enthreoene is pur1ﬁed to the desired’ extent.

-+ -The liquid ammonia and solid anthracene may:
| be eglteted in-the extractor- whereby impurities, .
- such as phenanthrene, carbazol, etc., are more -

'. reedlly dlssolved and- the reseltmg solutlon ‘of

The- solutmn thus ob-—

 monig is distilled: to- obtain pure: ammonia gas,

and the ammonia gas is condensed to a liquid -
Additional llquld'.j_j_f
“ammonia may be used for extreotmg further -
Impurltles from the anthracene and the result- .
*ing solution -of * impurities in- liquid ammonia "
- withdrawn from the- anthracene ‘and passed to
" another recep ueole while dlstlllmg emmome from'
-'5'the solution first obtained: |
- After the. eothreeene has been treeted Wllth'__,-
the solvent to remove-the desired-amount of im~
r.'purmes therefrom and -affer the liquid ammonia,
“has been Wlthdrewn from: the a,nthreeene am-
monia remaining in- oonteot w1th the anthracene
is expelled therefrom and recovered for 1euse in
‘the: operetmh The removel of - ammonia from
‘the anthracene may be eff ected by heating the
“anthracene-to a suf icient-temperature to.-evapo-
rate the ammonia under the pressure maintained
‘in-the eystem or if preferred steam; air’or other . -
| ~ inert gas: may be blown through or over the
g anthracene to expel ammonia remaining therem
JETE Dry air -is’ prefere,bly employed when it is:de-
~sire d to condense the ammonia aind thus remove
it from the air leevmg the anthracene contain-

" The ammonia gas thus
" ¢ordance with my process is referred to through-

~out the epemﬁoetlon and in the claims as ‘“crude
However, it is intended that the
term “crude: enthreoene” as used shall include
- anthracene which has been given a preliminary
“treatment to remove a portion of the impurities

. ing residual ammonia.: _
g5 removed from the enthreoene may be condensed -

‘or.may be absorbed in a’ suitable meterlel such
as water or: sulfurlc eold When steam is: em--'_
‘ployed, the mixture. of steam and ammonia may

end returned to" the oyole

be cooled to cendenee the me.]or portion of the
- water, and the ammonia. vapors passed through
"o drier, containing calcium oxide or other suit--
ehle drying. egent prior ‘to ‘condensing: and re-
“The water: contemmg some -

dleeolved ammonia, condensed from the mixture

of steem end emmome, in the letter operetlon .’_"ence mth my proeess as heretofore deserlbed is 75

using the seme

treating the purified anthracene.
- the ammonia remaining in contact with the an-
- thracene. may- be removed by eveouetmg the
 extractor in which the anthracene is contained.
~while heating the anthracene by means of steam’
or otherwise - to" eld 111 the eve,pora,tlon of the
'hql;ud ainmonia, = -
- The 1mpur1t1es p1ese11t in orude enthreoene}

“When op--

fseperetmn and’ Trecovery. thereof.
_threne end other hydrocarbons are more. readily
soluble .in. liquid ammonia than is carbazol.
 Therefore, the liquid ammonia first. passed in
- contact with the crude anthracene contains pro-
90

o bhrough the solid material,’ Wthh Would be oc-- S
. casioned by the- ‘continuois - pessege of . 11qu1d_-_

7 -amimonia, therethrough does not oceur when op-
erating as. herein disclosed. After the discharge

2 011 724

ma,y be heeted to produoe steem for further_'

other sohd and Hguid’ hydrooerbons

1mpur1t1es 1S u.tlhzed in my pr ocess for e
The phenan-

portmnetely more of the phehenth_t ene end other

1rst withdrawn from the

I preferred |

10 :

26

that- portmn of the liquid ammonia subsequently -

~passed in. contact with the anthracene whereby
& rough seperetlon of the phenenthrene and hy--—
30

~ fractions of :the liquid ammonia thus separated =
ecting the

‘acted. The

drocerbons from the oerbezol is eff

may be- “treated mdependently for eff
reoovery of ‘constituents of the: 1mpurlt1ee there-

from. The liguid -ammonisa thus removed: from

~the enthrecene in the initial stages of the process
'_.eonteme the major por tlon of the. phenenthrene
'- ':'j--end other hydrocarbons and -is collected in one
-or'more receivers separate from those in which

- ammonia containing carbazol' and impurities - .

 subsequently’ removed from the enthreoene by 40

further. extreotmn thereof is. oolleoted

35

“The ‘ammonia is distilled off or otherwwe eep- -

I—Iowever i preferred,

This

_' ereted from the- 1mpur1t1es in the various receiv-
ers, end in order to avoid eohd1ﬁoet10n of the im-
~ purities in the recepteole I prefer to mtroduce T
a-.solvent for the impurities into the reoepteelee
Pprior to or. durmg distillation of the. ammonia so -
;':thet the- 1mpur1t1es are. prevented from solidify-
-ing or oryetelhzmg out of the solution onto the
heetmg oorls and walls of the receptacle.”
"treetment feolhtetes the removal of 1mpur1t1ee
~ from ‘the reoepteoles o
~ solvent for the 1mpur1t1es may be 1ntrod11oed into:. . -
the reoepteoles efter distillation or sepe.re,tmn of-:'_;."
‘the ammonia has been completed, or the im- ;

45
'50j |
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purltles mey be melted by the: epphoetlon of hna,t
'_end drewn off in molten form

In carrying' out the process, the e,nthrecerle mey" )

in liquid form. The anthracene treated in' ac-

enthreoene”

therefrom, ‘as ‘well as e,nthreeene whloh hes not |
-_:"'been given any pretréatment.” ' o

e given a preliminary treatment with a solvent
‘other: than ammonia to. reduce the amount of

60

- impurities therein prior to subjecting: anthracene = -
 to treatment with liquid ammonia or other sol- =~
~ vent composed. of a normally gaseous. substance

Crude anthracene containing from 25 to 40 per -

cent of pure anthracene, when treated in accord-.
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~out in -anysuitable apparatus; such as that illus~.
trated in Fig. 1 of the drawing wherein the: crude -
anthracene to be treated is introduced: into -an
-extractor 2 adapted to receive and contain liquid
~‘ammonis from the ammonia reservoir 4 through

- the ‘pipe & ccninclled by the valve 8. A support-
- ing-screen'9, spaced from the bottom of the ex-
 tractor; , supports the solid anthracene and is'pro-.

vided. w1th apertures of sufficient fineness to pre-
 vent the anthracene from passing therethrough.
~ 'The extractor may be provided with a stirring
- device 10 carried” by the shaft 12 extending

- dhrough a packing {4 in the cover of the extrac-
- 25 tfor and adapted to be rotated by the motor 6.
. and worm gear 18. A liquid level indicator 28 and
s pressure gauge 22 are also prcwded for mdlcatmg' |

2 011 734

| pumﬁed te:a cemmerclally vallua,ble product con-~
~_ ‘taining-about 80 to 85 per-cent of ‘pure anthra-
. -gene..
.Whe,t ‘higher or lower, dependmg upon the amount
of 1mpur1t1es in the crude- anthracene treated and -
- the length of time and- conditions under which
- purification.of the anthracene is carried out. The
S -*product obtained by treetmg crude anthrecene

o in. acccrdence with my-invention may be subllmed
10

The: purlty of::the product . may ‘be-some-

-tc cbta,m a product of hlgher punty

-~ the level and pressure of the ammonia in the ex-

- tractor. “In.order toheat the anthracene to drive
L8300
IR -:._enthrecene after- pur1ﬁcat1en thereof, the ex-

c‘”f -ammonia -remaining -in centact with - -the

“tractor is surrounded by a steam jacket 24 and

- ;.:-_-.__"_-_j_j.%géj'-dzcmeter than pipe 6, to' the receptacles 32 and
< 38, Only two receptacles for receiving the liquid
- ammonia and dissolved impurities are shown al-
- . ‘though it will be understood that any suitable
o 15 ‘number of- receptacles for this purpose may he
7" -employed. ‘The pipe 30 is provided with a siphon
- 1] extendmg upwardly to a point below the top of |
. the extractor and serving as a means for period-
. ically discharging liquid ammonia and: dissolved -
| _.567.1mpur1t1es from the extractor when the appara-
- tus is operated mtermlttently "However, 4 by~
. pass 88, controlled by valve 40, extends across the

'_'-'bcttem of the siphon 36 to enable the apparatus

- in addition the extractor may be provided with a

o centrally located member 26, as shown in Fig. 3,
35 into which steam is passed for aiding in the heat-
R mg e,nd remcval cf ammcma from the sohd mete- i
L qutud ammema ccntemmg d1ssclved 1mpur1—.

e 'tles is: pessed from the bottom of the extractor

through-the pipe 30, of somewhat grea,ter internal

" to be used for the continuous removal of liquid

~ -ammonia and impurities from the extractor, if so

o "‘55;'_?-';des1red 'The lower porfion 42 of the pipe 30 com-

. . ‘municates with the receptacles 32 and 34 through
" the pipes &4 and 46 controlled by valves 48 and

.I 59, respectzvely By controlling the 0peret1en of

o _é-g-*the valves 40, 48 and 50, the process may be car-
. ried out elther contmuously or . 1ntermmtently
- and liquid ammonia containing  dissolved im-
~_purities withdrawn from the extractor and passed |
o i1111:(} either of the receptacles 32 and 34. U

o f'~--65’ ,'-Wlth a steam jacket 52 for heating and. dlstﬂlmg.
the:ammonia contained: therein to drive off the
ammonia and recover the. dissolved impurities.
“The' receptacles may also contain steam coils 54
for aiding in the distillation of the ammonia.

.'_-.’Ammeme, 2as. prcduced by dlstllletmn of am-

'The receptacles' 32 and 34 are each parcvided

~ monia in the receptacles is removed therefrom

o through the pipes 56 and 58 controlled by valves
. .80 and.62 and connected with vapor line 64 leed—-

J.ng to the condenser 56 lecated in the te,nk 68

are closed.

Ammcma, gas expelled from the puriﬁed anthra- :

‘cenein the extractor 2 is also passed to the am-

monia ‘return: line 64 by mea,ns of the plpe 10_ |

ccntrelled by valve 12.

A yacuum pumpi14 ccnnected tc the Vapcr 11ne'

Sﬂ at 75 serves to evacuate the: extra,ctcr and re-

“The Vacuum pump may

-t

ceptacles prior to the introduction of liquid am-
raonia-into the:system. |
also be used for removing ammonia gas from the

-~ extractor and receptacles to return the same .to

- 10
“The process as-herein described. mey be carrled“ -

other parts of the system. The pipe 16 leading -
from-the vapor line 64 to the vacuum pump: 14
is: prcmded with a valve 78 for closing.off this por-

ation. .The dzscha,rge side of the vacuum pump
1s provided with an exhaust 80 controlled by valve

irom the extractor or. the receptacles- 32 and 34.

A valve. 86 is located in the vapor line:64 below- o
condenser 66 and serves to maintain the vacuum
- in the extractor.and the necessary pressure in the =
condenser- and. liquid ammonia receiver during -

- the evacuation. stage. ‘A valve.88 is also inserted

 tion of-the apparatus during the extraction oper- -

82, and is'alsoc ccnnected to. the line 84 . serving -
to return-ammonia gas to the vapor line 64 when .
using the: vacuum: pump- for removing ammonia

20

25

in the line 84 to cut off the vacuum pump when

de51red and well known type. . .
In epera,tmg the appa,ratus shcwn in F1g 1

. crude ‘anthracene to. be purified is introduced
into. the extractor 2,
and valve 72.in pipe- 10 and valves 60 and 62 in-
pipes 56 and 58 leading from the receptacles 32
and 34 respectively: are opened. Valve 86 -in 8o
‘the vapor line 64 and: valve 88 1n the pipe 84 |
Valve 78 in‘the pipe 16. leading from =
.~ the.vapor.line to the vacuum pump is opened T
and valve 82 in the exhaust: 80 leading to the
atmosphere is. opened. The . vacuum pump 14
is then operated to Wlthdraw air from the ex-
~tractor .and receptacles as well -as the piping
__-cemmumce,tmtr therewith until. substantially all -
-.0f the air has been removed from the. system.
Valves "12,° 18, .and. 82 are then closed. ‘Liquid
~ammonia is d1scherged from the reservoir 4 into
_»the ‘extractor 2. by ‘opening the valve 8 in the
pipe: 6. and the stlrrmg device (8 in.the-ex-
fractor . is: cperated to agitate . the anthracene
e,nd 11qu1d ammonia, durmg operation. As soon:
85 pressure is built up in extractor 2 and re- =
“ceivers:32. and 34, valve 86 is Opened to - admit
.vapor to:the condenser 68 and heat is applied
‘to.one of the receivers 32 and 34, ' If intermitient
-‘discharge of the liquid: ammonia, containing dis-
.solved. 1mpur1t1es from the extractor is desired,
the wvalve 40 in the by-pass 38 is closed and the
‘level ‘of the liquid ammonia . in the extractor
‘rises 2§ ammonia. continues to flow. through the
pipe 8, until the level thereof is at or above the
top of the siphon 36 in the pipe 39. - Ammonia,
then - ﬂcws through . the siphon 36 and’ flow -
“therecf continues. at a rate greater than the rate
of Teed through pipe 6 until all or substantmlly |
all - of the liquid ‘ammonia in the extractor is |
~withdrawn - ‘therefrom and . the siphon breken
Liquid ammonia continues to collect in the ex-
tractor again until the siphon has again been .es-
tablished. In this way 1nterm1ttent ﬁllmg and
:';dlscharge of the extractor is effected. -
“timuous removal of the liquid ammonia, from the
j?extractor is desired, the valve 40 in o
3815 opened and liquid ammonia is withdrawn
':centmuously from -the. extractor, preferably at
8 rete equal tc tha,t at Whlch emmema. 1s 111- 75

The extractor is closed

If con-

‘the: by-—passj |

it is ‘not.being used.  For practical purposes, a -
_multlple stage vacuum pump may be used of a,ny |

30

4%

50 Z.

b -

60

65

8

0



S 20

a0 |
troduced mte the extrectcr scr es tc ma.mtemf;_:-
a; ccntmucus supply . .of - liguid:: ammonia :in" the .
~ extractor while continuously withdrawing hcgurd_
ammonia containing impurities: therefrom
- When withdrawing liquid .ammonia frem the._-
~ extractor- either continuously. or mtermlttently,__':'.:
- the ‘amrpaonia; - containing dlsselved 1mpur1t1es-'_
'f;pesses through-the lower pcrtrcn 42 of the.pipe

30. to .one..of the receptacles 32--and - 34,
|  justed to deliver the liquid:-ammonia to which- =
¢ ever. ef the ‘receptacles: 32 and 34 it is ‘desired
o torfill. The - operation thus ccntmues until one .
.. receptacle is filled or’until.the major portion
of - the-: phenenthrene and- ether - soluble .
| -.purltles have been. extrscted frem the anthra- .

“cehe,

L 45
| . :be: substantially: nen-velstlle under the condi-:

- tions under which:distillation in the. receptacles
R -_.;te.lres ple.ee in: erder t0. cbtem substentlelly pure
.5, ammonia gas as a distillate. -
oo .be aicoal ‘tar oil, such -as creesete oil;. press oil
- -_--reme.mlng ‘after ‘the” remevel of na,phths,lene'
7 from:a uaphtheleue frectren ete,
‘and - dissolved phenanthrene; csrbazel ete., are’
“.periodically -or continuously removed and fresh;f.-."

-':'-,'-_,;:_”'_60f=--phens,hth1ene and carbazol..
| - .lecting the ammonia selutwn withdrawn from
the extrscter in sepe,re,te frectmns in the meuner |
o ~ -heretofore described - 50. ‘that: 11qu1d ‘ammonia
C gy Telatively rich in-phenanthrene 'is collected in
T one . receptecle and :liguid ammonia - reletlvely*{};ss heretefcre descrrbed S e e

... Inone. e*remple of prectlc...ug thlS ulventlcn a,-l-i'-"' -'
:twenty _five pound chatrge of a crude anthracene

. “fraction from the distillation:of coal tar, contain-
.ing approximately 35.5: per.cent anthracene, was
- wlntermittently 1mmersed in: quuld emmenra, and
-the:ammonia, drained: therefrcm
“were repeated thrrteeu tlmes
-,---enthraeene eontesnmg 80.3 'per cent. .of anthra- -
Ammome contemmg 1mpur1t1es 1s‘.j_ '._cene was cbtemed In enother example of thxs 75

‘receptacle 32.

" s heing -collected in the- other: receptacle
. ammonis gas. pessed to the vapor ‘line 64. flows |

- o - upwardly to-the: cendehser 66 in which it is ceeled_*
0. 4o end liquefied and. returned te the 11qu1d am-
-_J-._-.mema, reservoir 4. Lo - ~ |
S e Tomays mtreduce mte the recepta,cles 32 snd--;j
34 a solvent for the 1mpur1t1es to- dissolve the -

- same and prevent crystallization .thereof on the -
_walls: and: heetmg coils. within the chamber as-

‘The ‘solvent: used: shculd )

valves:48 and 59 in the pipes. 44 end 46 are ad-

and the Velve % is open,:the Ve,lve 50 in the: p1pe
48 is closed Thereafter ‘when. the receptecle
32 is full or. the ma;jor portlen of the phenenthrene', -

CAs hqu1d ammonia. w:tthdrswn from- the ejrn

r.tre,cter ‘continues to pass into the receptacle 34,
. steam is passed into the.steam: Jecket 52 and -
" steam. coils 54 of the receptscle 32 'so’ that:am-
monia is: dlStlllEd off from the. 1mpur1t1es in the
“Valve. 68 .in pipe. 58 is kept epen--!
and - emmcme .gas - preduced by - d13t111et1cn is

" . passed ‘to -the vapor-line 64..
- - kept open- durmg the: extra.ctmn

:,}'.:._ = : ‘35
| tilled while liquid ammonia from the extractor
"The .

Valve 62 is als0

_dlstlllatlen proceeds, -

--;:'selvent mtrcduced The sclutlons of empurltlesﬁ
-”._.remsmmg in contact with the purified anthra,cene"" R
in the extractor and for separating ammonia from -
“impurities_in- the receptacles 32 and 34, T may
" blow.air or other inert gas through the' a,nthre,cene 60
“and ‘pass. the resulting ‘mixture .of gases to a -
‘chamber centelmng Weter sulfuric ecld or other

‘solvent: for the ammonia. - When' the ammeonisa is-

] end 34 msy then be sepe,retely treeted to: recover
;.;-phenahthrene and. carbazol therefrom. 'The:s0-
Jutions may be mixed prior: to seperetmn of - the

- However,. by col-

_richin ce,rbezol is ccllected in another receptecle L
.an mltlel sepe,re,tmn ef the phenenthrene and_

- .carbazol is effected; - et

. The extraction of the a,nthrscene is centmuedi'
_“_;eutll the enthrecene has been purlﬂed and: im-
~.purities . removed therefrom 'to- the desired: ex- -
y;:f.;ftent The valve 8 in. the p1pe 6.is then closed -
o cut -Off the. flow . of liguid ammonia to. the
- extractor

*The  anthracene. .

© off from the: purified anthracene -and -passed

covered :for re-use.:

dm=
 the-vacuum pump T4.
- -If “the 11qu1d ammonis, W1thdrewn from

- the extrector -is. ‘being' pessed to: receptacle 32

._.-tcm thelecf
-ammonia. ges pesses oub through-the steam eutlet
pipe 80 in-the top of the extractor, leaving the -
'_enthre,cehe in a pure cendltmn The mixture of -

_steam and ammonia passes- 10, e, condenser 93
- .wherein: the greater part: of -the steam is- con= -
The condensate and- ammonia.

~vapors then pass to one or the other of collectors
44 and 96.° o
. collectors 94 snd $8 by.a vacuum pump 88 and .
‘passed-to a drying tower {86 filled with-lime-or
- other suitable dehydrstmg agent. - The resultmg
- dried ammonia gas may be passed teu g, cendenser S
‘such as 66 of Fig.. 1, and returned to the cycle or -

_ In: this: way
‘the  ammonia in one of :.the receptacles is dis- -

-The:solvent may -

The solvent -

go1n72e L |
;wrtlrdrawn frem the. extractor the valve 38 be-

ing opened. (if clesed) to permlt draining as -

-»ccmpletely as pcss1ble CAfter dremmg,

valve
. 88.and valves 28 50, 60 s,nd 62.are closed. . Steam
is- admitted -to the steam:: jacket 24 and to the -

ol

centrally-located: hes,tmg element 26 in the exX~

- tractor, whereby ammonia remaining in contact

withythe purlﬁed anthracene is expelled from the

Tvelves 60.and 5§2. R )
- In the medrﬁ ed ferm ef the sppsretus 1llus-
" and other-impurities have been extracted from :._'-,-,trs,ted in Fig. 2 of the drawing, the ammonia, re-
~ the anthracene, the valve 48. is. closed -and. velvef,.--:-.-memmg in contact with the purified anthracene
1N Opened whereby 11qu1d ammonia, centeimng

'._.,1mpu11t1es is passed to.the receptscle 34.

 is expelled by passing. steam, preferably at-3 to 4
.. pounds pressure or above. mtc contact Wlth the
. anthracene, to vaporize. the ammonia therein.
For - th.rs ‘purpose: steam is introduced into ex-

The ammonia gas-is-thus. distilled
10
~ through the pipe 70 to the vapor. lme 64 and re-
Subsequently, velve 86 is
_closed end valves: 18 and 88 opened and addi-
" tional ammonia vapors withdrawn from the ex-
- tractor. and. returned to-the cycle by -means of
| The vacuum thus ap-
| '.phed to-the extlscter 2 may . else ‘be. epphed to
the- receptacles 32 and. 34 to. aid in the removal
-.0f ‘ammonia there:frcm 1f des1red by cpemng

20
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tractor 2 through. the steam inlet 89 in thebot-

densed to- weter

~Ammonia vepcrs are w1thdrsrm from

may be cthermse recevered snd used “The. con-~

densate from condenser 93 is allowed to accumu-
‘late until one collector 94 or 8§ is full and then
" the condensate. is- pessed to. the ether' cellecter
“The condensate ‘constitutes a weak ammonig lig-
- yor. :
to dlStlH off ammonia vapors which are withdrawn

Tt may be heeted by steam coils lll and 102

by the vacuum pump:88. DlStlll&th‘l of the liquid
in’ the celleeters 94 and 96 mey be: emplcyed to

produce steam ‘which is' passed through pipe {03
‘connected with.inlet-89 in extractor 2 to effect the
_.:“removal cf emmome frem the purlﬁed enthre-_

_-.cene , L
Insteed ef usmg stesm fcr remevmg emmcme,-

A mixture comprising steam and
30 -
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-ebscrbed inwater the smmcmeee,l liquor obtained

maybe: peesed to collectcrs Eltl end % te he treated

-These cycles

A rele,twely pure

o '

45



not removed by the ammonia wash treatment, in
- order to obtain a highly purified anthra,cene it
s 1mperta.,nt to start with a crude low in “free
carbon”, preferably eentammg less than 0.5 per
- For exa,mple a crude con-~
. -talmnﬂ' 25 per cent anthrecene and 1 per cent -
E “free carbon”, upon purification of the crude to _
85 per cent anthracene will contain: 3.4 per cent
- “free carbon”; a crude containing 3 per cent of
- “free carkon” will contain 10.2 per cent in the -
purlﬁed pmduet cente,mmg 85 per cent anthra-
| The term “free carbon” is used in the sense
- common in the coal tar mdustry to indicate ma- .
terial contained in the’ bituminous compound
" which is insoluble in benzol or carbon bisulfide.
It is commonly determined as described by Weiss
" (Journal of Industrial and Engineering Chem-

10
1

| ‘eene.

20
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in the Teceivers.

Smee the “free ee,rbon” content of the erude is

cent of “free carbon”..

1stry, vel 10, 1818, pages 736 and 820, Test D5).

50 It comprises high- meleeulm weight carbon com-
“pounds of low qelublhty, ea,rbon and other m--f'
~ soluble ma,terlal |

Although I bave D.ESCL.de my 1nvent1on

- throughout with reference to the use of liquid,
: substantmlly enﬂydrous ammome as a solvent

for impur zt;.es in the crude anthreeene I may em-

- ploy sulfur dicxide or other normally gaseous sub- |
~ stance in liquid form as a solvent and I may also
employ agua amn*ome, centaining 75 per cent or
‘more of ammonia. Tne term “liquid ammeonia’
. as used’ throughout the claims is intended to in-
”clude both liquid anhydrous ammonia and agqua
‘ammonia containing 75 per eent or more of am-
o monia in solution. When: usmg smfu_r dioxide or
aqua ammonia, the pressure on the system may be
- _somewhat less than that required when using
-7 anhydrous ammonia and when using aqua. ammo-
~ nia the extraction of impurities is not so rapid and
| -.theref‘ere the length of time of operation will Or'-
'['-dmal ily be prolonged. When strong agua am-
~Imonia is used, a certain amount of fractionation
- may take place, resulting in a deposition’ of water
This water may be w:ithdrawn )
~ with the impurities when emptying the receivers. -
- It will also be understood that the apparatus here-
-~ in shown and described may be modified or other

apperetus employed in carrying out ‘the process

mtheut depe,rtmg from my mventmn

T claim:

.1, The process ef preduefng pumﬂed anthra- -
| '-:'eene produets eente,mmg in excess of 809% anthra-
~~ ‘cene by removing impurities from the anthracene
. by extracting the same with liguid ammonia, which -
-~ comprises mtredueme crude anthracene mate-
. gp rial containing not more than about 40% anthra-
- cene’ and nob more than about 59% free carbon
- into an extraction zone, introducing Successive

S ehe,rges of liquid ammeonia into contact with said
S _'_.erude anthracene while maintaining a pressure

65

in the extra.etlon zene sufﬁment te mamta,m the

2 011 724

;_jjmventlen & 40 pound charge of cru'de anthracene
: contaﬁmng eppromma,tely 37.5 per cent anthra-.
cene was given thirty-six washes with liqunid am-~
~.monig end a relatively pure anthracene contain~
_1ng 81 per cent anthracene was thus-obtained. |

,'mlxture to drive off
- and eendensmg e,nd re- usmg the a,mmome, Lhus
driven: .off. : | |
2. The process as defined in claim 1 in Whlch-
the anthracene material under treatment is 8,81~
~tated during the extractmn thereof with llqmd_ o
“ammonia.
3. The process as deﬁned in ela,nn 1 in Whlch-_
the extraction zone is evacuated after introduc-
tion of crude anthracene and residual ammonia
_rema,mlng in the purified anthracene is removed
in gaseous form, condensed and re-used.

80% anthra,eene on an ammoniag free ba515 a,dd -
ing to the. liquid ammonia containing 1mpur1t1es

S
-'a,mmo.ma, in the Ilquld pha,se removmg the ma;;er -
portion of each charge of liguid ammonia thus

introduced together with dissolved 1mpur1t1es |
from the anthracene under treatment before con-
‘tacting the anthracene with the next charge of

- liquid ammonia, repea,tmg the successive contacts

. of said anthracene with liquid ammonia until the -
‘material in the extraction zone contains at least

10

“removed from the anthracene a solvent for the

impurities which solvent is substantially non-

--_Veletﬂe under the conditions under which distilla-
tion of the liquid ammonis, centammg impurities -

takes place, distilling the liquid ammonia solvent
the ammonia in vapor form

920

4. The method of purifying crude anthracene

contalmng phena,nthrene andcarbazol, whwhcom—

- prises extracting the anthracene with liquid ame- =
Imonia under pressure, withdrawing the liquid an-
-hydrous ammonia and dissolved impurities from

the anthracene’ and separately collecting the 11q-

uid ammonia, 1n1tlally contacted with the anthra-.
- cene which is rich in phenanthrene and the re-

sidual ammonisa - contacted with the anthracene

- which is rich in carbazol, separately recovering
‘the phenanthrene and carbazol from the respec-
~ tive fractions containing the same, and removing
residual ammonia from the purified anthracene.

D, The method of treating crude anthracene to

‘separate impurities therefrom by the selective
- solvent action of liquid anhydrous ammonig con-
- tacted with anthracene in a closed system and

under pressure which comprises evacuating the
 system to remove air therefrom, thereafter con-
tinuously circulating liquid ammonia under pres-

sure in contact with the crude anthracene until

soluble impurities therein have been removed to
- the desired extent, continuously separating liquid
ammonia,"c:onteining dissolved impurities from the
anthracene, separately collecting that portion of
-the ammonig first withdrawn from the anthra- -
- céne, dlstﬂlmg off ammonia from the 1mpur1t1es
dlssolved therem while collecting that- portion of
the liquid ammonia thereafter withdrawn: :from.-

the anthracene, condensing the a,mmoma, gas
produced and returning the result ting liquid
amraonia to the cycle, heating the anthracene
after purification thereof and after the liquid am-

~ STUART P. MILLER.
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~ monisa has been withdrawn therefrom to distill off
~ammonia remaining therein, and recovermg the
o ammoma, ga,s thus preduced | |
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